This study evaluated the inflammatory markers in prediabetes and newly diagnosed type 2 diabetes mellitus (T2DM). Inflammatory markers levels were analyzed using one-way analysis of covariance and the association with prediabetes or T2DM risks was examined by logistic regression models. Our data showed increased levels of hypersensitivity C-reactive protein (hs-CRP), interleukin (IL-4), IL-10, and tryptase in prediabetes subjects and hs-CRP, immunoglobulin E (IgE), IL-4, and IL-10 in T2DM subjects. We concluded that Hs-CRP, IgE, IL-4, IL-10, and tryptase were positively associated with prediabetes or T2DM. Further large prospective studies are warranted to assess a temporal relation between inflammatory biomarkers and incidence of prediabetes or T2DM and its associated chronic diseases.
Introduction
Type 2 diabetes mellitus (T2DM) is a complex disease in which both genetic and environmental factors interact in determining impaired -cell insulin secretion and peripheral insulin resistance [1] [2] [3] . T2DM is also a metabolic disorder between pro-and anti-inflammatory characterized by chronic hyperglycemia and increased or decreased levels of circulating cytokines [4] . The rise in the proinflammatory cytokines (e.g., interleukin-(IL-) 1, IL-6, tumor necrosis factor-(TNF-) , C-reactive protein (CRP), transforming growth factor-(TGF-) , and leptin) or the fall in antiinflammatory cytokines (e.g., interleukin-1 receptor antagonist (IL-1Ra), IL-4, IL-10, IL-13, and adiponectin) is the essential step in glucotoxicity and lipotoxicity induced mitochondrial injury, oxidative stress, and beta cell apoptosis in T2DM [2] [3] [4] . These pro-and anti-inflammatory cytokines can enhance insulin resistance directly in adipocytes, muscle, and hepatic cells, leading to systemic disruption of insulin sensitivity and impaired glucose homeostasis [5] .
Many single nucleotide polymorphisms (SNPs) in various genes including those of pro-and anti-inflammatory cytokines have been reported as a risk for T2DM [1] [2] [3] . But not all SNPs have been confirmed by unifying results in different studies and wide variations have been reported in various ethnic groups [2] [3] [4] . Genetic polymorphisms of Creactive protein (CRP) and their association with prediabetes and T2DM have been widely studied [5] . IL-6 was regarded as a kind of pro-and anti-inflammatory factor; one of the common polymorphisms in the IL-6 gene promoter (C-174G) was considered as risk factors for T2DM development [2] . IL-10 is an anti-inflammatory cytokine protecting against T2DM and inflammation; several variants in the IL-10 gene promoter region have been identified and showed the association with the development of T2DM [3, 4] . It is reported that TNFis a possible mediator of insulin resistance and diabetes since it inhibits insulin signaling and impairs its secretion [2] [3] [4] . One of the SNPs in TNF-gene showed a twofold increase in transcriptional activity and an association of TNF-SNPs with T2DM [2] . Genetic variants in some inflammatory 2 Journal of Diabetes Research factors associated with T2DM may provide a rationale for further studying their roles as biomarkers for disease early risk prediction and therapeutic targets for T2DM and related complications.
Although accumulating evidences support the pathological role of inflammatory cytokines in T2DM, most studies only focused on a few specific inflammatory factors and were done in relatively small population groups in a particular ethnic group. In our previous studies, we have explored the associations between few several inflammatory cytokines (e.g., CRP, immunoglobulin E (IgE), chymase, and tryptase) with prediabetes and T2DM and concluded that IgE and CRP are risk factors of prediabetes and T2DM only based on a small sample of cross-sectional study design [6, 7] .
In this study, we extend the analysis of the role of proand anti-inflammatory cytokines in prediabetes and newly diagnosed T2DM based on a larger sample of cross-sectional study design, by measuring the levels of several proinflammatory cytokines (e.g., IgE, hs-CRP, IL-6, TNF-, and tryptase) and anti-inflammatory cytokines (e.g., IL-4, IL-10, and forkhead/winged helix transcription factor 3+ (Foxp3+)) in prediabetes and T2DM, and correlate them with other laboratory and clinical biochemical indicators. Our findings will lend support to the hypothesis that some specific inflammatory factors may play an etiological role in the pathogenesis of T2DM and also will offer new insights into the potential clinical value of these inflammatory factors as biomarkers for disease early risk prediction and therapeutic targets for T2DM and related complications.
Materials and Methods

Study Population.
The study is part of the Diabetes Intervention Project (DIP) started in 2012 from School of Nursing and Medicine, Huzhou University, Zhejiang, China. From March to December 2012, a total of 7054 rural residents aged 50-75 years from eight rural communities in the city of Huzhou participated in physical examination. Based on the criteria of fasting plasma glucose (FPG) <5.6 mmol/L, 898 (12.73%) were classified into prediabetes. During July to August 2013, after excluding subjects with known DM or receiving hypoglycaemic medications or with cardiovascular disease, cerebrovascular disease, malignant disease, chronic liver disease, or kidney failure, or those under medications, 825 cases of 898 prediabetes subjects and another 300 randomized sampling normal glucose subjects were invited for FPG, 2-hour oral glucose tolerance test (2 h OGTT), and haemoglobin A1c (HbA1c) tests as part of the prediabetes and T2DM screening. But only 560 subjects would participate in this study, according to the following clinical criteria based on FPG, 2 h OGTT, and HbA1c test: 219 (39.11%) had normal glucose tolerance (NGT), 215 (38.39%) were diagnosed as prediabetes subjects, and 126 (22.5%) were diagnosed as T2DM subjects. This study was approved by the Huzhou City Ethics Committee and all subjects gave written, informed consent prior to participating in the study.
Data Collection.
Trained staff interviewed participants using a self-designed questionnaire to obtain information on demographic characteristics and anthropometric and lifestyle variables. Physical activity assessments were performed using self-reported Total Energy Expenditure Questionnaire (TEEQ), a nine-step scale where every step was assigned a fixed value in terms of multiple of Metabolic Energy Turnover (MET) [8] . Anthropometric measurements (body height and weight, waist circumference (WC), hip circumference, and blood pressure) were attained at the initial screening visit. Two sitting blood pressure measurements were taken for each participant using a mercury sphygmomanometer according to a standard protocol. The mean of these two blood pressure measurements was used in the data analysis.
The biochemical parameters, including FPG, 2 h OGTT, HbA1c, fasting insulin, plasma total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), hs-CRP, and IgE, were measured in the Clinical Biochemistry Unit of Huzhou First Hospital, a teaching hospital of Huzhou University. The cytokine concentrations, including IL-6, TNF-, tryptase, IL-4, IL-10, and Foxp3+, were measured in patients sera using commercially available ELISA double antibody sandwich method assays (R&D Systems), performed according to the manufacturer's instructions. Detection kits were produced by Wuhan Gene Biotech Co., Ltd.
Clinical
Criteria. Diabetes and prediabetes were grouped according to American Diabetes Association 2010 (ADA 2010) criteria or HbA1c-based diagnosed criteria [9, 10] . Diabetes was classified with a fasting plasma glucose (FPG) ≥ 7.0 mmol/L or 2 h OGTT ≥ 11.1 mmol/L or HbA1c ≥ 6.5%, whereas prediabetes was defined as FPG ≥ 5.6 and <7.0 mmol/L or 2 h OGTT ≥ 7.8 and <11.1 mmol/L or HbA1c ≥ 6.0% and HbA1c < 6.5%. Subjects were classified as having a normal glucose profile if FPG < 5.6 mmol/L and 2 h OGTT < 7.8 mmol/L or HbA1c < 6.0%.
Statistical Analysis.
The mean and standard deviation (mean ± SD) of continuous and normal distributional variables and median and quartile range of continuous but skewed distributional variables were used.
Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters (kg/m 2 ). Waist-to-hip ratio (WHR) was calculated as waist divided by hip circumference. Homeostasis model assessment-insulin resistance (HOMA-IR) was calculated as value of FPG × value of fasting insulin/22.5 and homeostasis model assessmentcell function (HOMA-) was calculated as 20 × value of fasting insulin/(FPG-3.5).
Based on China 2006 Blood Pressure Control Criteria and China Prevention and Treatment Classification Recommendation on Dyslipidemia [11] , hypertension was defined as systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) ≥ 140/90 mmHg or as receiving blood pressure lowering medications; high TG was defined as a fasting plasma TG ≥ 1.70 mmol/L, low HDL-C as a fasting HDL-C One-way analysis of covariance was used to test for differences in continuous distributional variables between three groups. The nonparametric Kruskal-Wallis test was used to test for differences in continuous but skewed distributional variables between two groups, and 2 test was used to test differences in proportions between three groups.
Spearman correlation coefficients were calculated to evaluate associations between inflammatory cytokines and the traditional cardiovascular factors. Binary logistic regression model was used to estimate the odds ratios (ORs) and 95% CIs for prediabetes and T2DM according to dichotomy of inflammatory biomarkers concentration, using the lower values as the referent category. Considering the potential confounding factors, we applied 10 models to assess the association between biomarkers and prediabetes or T2DM, including unadjusted mode, age and sex-adjusted model, multivariable (age, sex, BMI, WHR, SBP, DBP, TC, TG, level of physical activity, dietary intake, alcohol intake, smoking status, presence or absence of family history of diabetes, hypertension, heart disease, stroke, and hypercholesterolemia) adjusted model, and multivariable combined with inflammatory biomarkers mutually adjusted model.
All statistical analysis was conducted using SPSS statistical software (version 19.0).
Results
The descriptive characteristics of 560 study participants were presented separately for participants with normal glucose tolerance, prediabetes, and T2DM (Table 1) . A total of 215 were prediabetes, 126 were T2DM, and 219 were normal glucose subjects. Overall, except smoking status, alcohol use, disease family history, physical activity level, and dietary intake, all traditional vascular risk factors were worse in the PDG or the T2DMG patients than NGG subjects. Median levels of IgE in T2DMG subjects (40 IU/L) were significantly higher compared with NGG subjects (18 IU/L) ( < 0.05) and with PDG subjects (20 IU/L) ( < 0.05). Median levels of CRP in PDG subjects (0.8 mg/L) or T2DMG subjects (1.5 mg/L) were significantly higher compared with NGG subjects (0.5 mg/L) ( < 0.05). Mean levels of tryptase in PDG subjects (mean ± SD: 1545.36 ± 291.45 ng/mL) or T2DMG subjects (mean ± SD: 1524.96 ± 286.65 ng/mL) were significantly higher compared with NGG subjects (mean ± SD: 1481.21 ± 271.44 ng/mL) ( < 0.05). Mean levels of IL-4 in PDG subjects (mean ± SD: 303.70±56.84 ng/L) or T2DMG subjects (mean ± SD: 304.45 ± 55.87 ng/L) were significantly higher compared with NGG subjects (mean ± SD: 283.45 ± 52.50 ng/L) ( < 0.05). Mean levels of IL-10 in PDG subjects (mean ± SD: 244.03 ± 53.34 ng/L) or T2DMG subjects (mean ± SD: 265.04±40.42 ng/L) were significantly higher compared with NGG subjects (mean ± SD: 229.23 ± 46.54 ng/L) ( < 0.05). But there were no significant differences in IL-6, TNF-, and Foxp3+ (Table 1) . Spearman correlation analysis between inflammatory cytokines and the traditional cardiovascular factors indicated that whether, in NGG, the PDG, or the T2DMG, there were significant relationships between most of the traditional cardiovascular factors and between most of inflammatory cytokines. However, there were seldom significant relationships between the traditional cardiovascular factors and inflammatory cytokines (Tables 2-4; Tables S1-S6 
Discussion
Our data showed increased levels of CRP, IL-4, IL-10, and tryptase in prediabetes subjects and increased levels of CRP, IL-4, and IL-10 in T2DM subjects compared with normal glucose subjects. Not all inflammatory cytokines in our study were in agreement with previous findings.
With the associations between inflammatory cytokines (e.g., IL-6, TNF-, and hs-CRP) and insulin resistance, prediabetes or T2DM had been widely researched [13] [14] [15] [16] [17] [18] [19] [20] [21] . Most studies found that subjects with insulin resistance, prediabetes, or T2DM had increased levels of IL-6, TNF-, and hs-CRP [13] [14] [15] [16] . A study reported that high levels of inflammatory cytokines appeared in early stage of T2DM and were capable of predicting the development of type 2 diabetes through diminishing insulin sensitivity [14] . But a recent study showed decreased levels of IL-6 and TNF-in T2DM compared to healthy controls [17] . The author in this paper interpreted that this discrepancy could be attributed to duration of the diseases, small sample size, and the differences in age and sex of the studied groups [17] . Elevated plasma levels of hs-CRP in prediabetes and T2DM subjects have been demonstrated in this paper (Tables 1 and  5) , our previous studies, and other studies [6, 7, [14] [15] [16] [17] [18] [19] [20] [21] . Our data showed that mean levels of TNF-or IL-6 in PDG or T2DMG subjects were higher but insignificant compared with NGG subjects (Tables 1 and 5 ), which could be explained by the differences of some incompletely measured residual confounding factors or inflammation-related diseases (e.g., rheumatoid arthritis (RA) or osteoarthritis (OA)) or allergies in the studied groups. IgE stimulation during allergic reactions and infections is the natural defense mechanism. It also plays a crucial role in the pathophysiology of T2DM [6, 7] . This current study demonstrated that plasma IgE levels strongly correlated with T2DM (Table 5) , which was in agreement with our previous studies [6, 7] . Further large population-based prospective studies are warranted to assess the role of IgE in T2DM.
IL-4 was major anti-inflammatory cytokine and had been proposed to play a crucial role in the pathophysiology of T2DM, and several candidate genes have been identified [22] . Our data showed that serum IL-4 was associated with PDG or T2DM (Tables 1 and 5) .
IL-10 was anti-inflammatory cytokine and has been shown to improve impaired insulin signaling [23] , prevent the development of IL-6 [24] , inhibit NADPH oxidase [25] , prevent pancreatic beta cell destruction [26] , and play an important role in modulation of cardiovascular insulin resistance [23] [24] [25] [26] . Two studies indicated that low IL-10 level was associated with high HbA1c and serum IL-10 level may be one of the predictors of glycemia [27, 28] . Increased level of IL-10 in prediabetes and T2DM subjects in our study was in disagreement with these findings [2, [26] [27] [28] , which could be explained by high levels of inflammatory cytokines appearing in early stage of T2DM [14, 17] . T regulatory (Treg) cells are a unique population of Tcells which play a crucial role in the maintenance of selftolerance and suppression of potentially inflammatory Tcells [29] . Chronic low-grade inflammation in obesity and impaired insulin sensitivity has been associated with fewer Tregs in adipose tissue [29] [30] [31] . Our study did not prove the associations between FOXP3+ with the PDS or T2DM (Tables  1 and 5) .
Mast cell tryptase is an important protease that has been implicated in cardiovascular diseases [32] [33] [34] . Our previous study did not demonstrate the association between plasma tryptase with prediabetes or T2DM [6, 7] . But in this paper, our data indicated that tryptase was mildly associated with prediabetes (OR: 1.63 (1.02-2.61, 95% CI), = 0.041) after adjustment by multivariable + IL-4, compared with NGG, which could be explained for the synergistic effect of IL-4.
Our data also showed that there were significant relationships between most of the traditional cardiovascular factors and between most of inflammatory cytokines. However, there were seldom significant relationships between the traditional cardiovascular factors and inflammatory cytokines (Tables 2-4; Tables S1-S6) , which indicated that complex interactions could exist between these inflammatory cytokines or between cardiovascular factors [1-3, 20, 21] .
Results of our study extend other evidences linking inflammatory cytokines to insulin resistance and risk of diabetes based on a larger sample of cross-sectional study design. Our findings further lend support to the hypothesis that some specific inflammatory factors may play an important role in the pathogenesis of T2DM and also offer new insights into the potential clinical value of these inflammatory factors as biomarkers for T2DM early prediction and treatment [13] [14] [15] [16] [17] .
Our study has several limitations. We assessed the associations between few inflammatory cytokines and prediabetes and T2DM by means of plasma or serum biomarker only based on cross-sectional study design and cannot demonstrate that altered plasma or serum levels of inflammatory biomarkers are predictors of incident diabetes by large prospective cohort study. Our comprehensive assessment of diabetes risk factors allowed statistical control for important confounding factors in the pathogenesis of diabetes, but residual confounding could remain in the analysis. In particular, we did not consider potential inflammation-related diseases, such as RA or OA, which widely exist in the senior, or allergies which are also very common among individuals, and these unmeasured residual confounding factors might result in discrepancies.
In conclusion, circulating inflammatory mediators, hs-CRP, IgE, IL-4, IL-10, and tryptase, were positively associated with prediabetes or T2DM. Further large prospective studies are warranted to assess a temporal relation between baseline levels of inflammatory biomarkers and incidence of prediabetes or T2DM and its associated chronic diseases.
